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COYOTE mflNflGEmENT: fl RflTIONflLE FOR POPULflTION REDUCTION
DflLE fl. WflDE, Texasflfir1fTI University Research and Extension Center, Rt. 2, Box 95O,
San flngelo, Texas 769O1
ABSTRACT: H i s t o r i c and anecdotal information on coyote depredation and popul a t i o n control is presented, with case h i s t o r i e s from specific areas. Population reduction methods, t h e i r application and t h e i r l i m i t a t i o n s are described.
Situations in which coyote population management i s desirable and some of the
r e s t r i c t i o n s imposed by laws and regulations are discussed.
INTRODUCTION
E f f o r t s to l i m i t or reduce coyote (Cam's latrans) and other carnivore
populations f o r protection of humans, livestock and other a g r i c u l t u r a l crops
have been a major element of professional animal damage control (ADC) programs
f o r most of t h i s century. However, predator control e f f o r t s began much earl i e r , during pioneer times, p r i m a r i l y to protect livestock and crops but also
to curb outbreaks of rabies which involved coyotes and other carnivores as
important vectors. Young (1951) pointed out that "The Indians of the Great
Plains were f u l l y cognizant of the disease and greatly feared i t . " Young
b r i e f l y described conditions in which coyotes were s i g n i f i c a n t rabies vectors
in Idaho, Oregon, Nevada and C a l i f o r n i a from 1915 to 1919, in New Mexico
during 1933, and i n Arizona from 1944 to 1947. In these instances, reduction
of coyote populations were carried out to l i m i t spread of the disease and
reduce exposure of humans and domestic animals. Coyote population reductions
have also been employed to benefit numerous w i l d animal species. Examples
include mule deer (Odocoileus hemionus) in Oregon (Trainer et a l . 1977),
pronghorn (Antilocapra amencana), in Oregon (Oregon State Game Commission
1971), desert bighorn (Oyis canadensis; K i l p a t r i c 1979) and turkeys (Meleagris
gallopavo; Beasom 1974) in Texas and whooping cranes (Grus americana) in Idaho
(Andrus 1978, O'Connor 1981).
Population Modelling:

Coyotes and Predation

Numerous individuals and groups have c r i t i c i z e d predator control (ADC)
policies and programs f o r reducing or attempting to reduce coyote populations
in e f f o r t s to reduce coyote predation. These c r i t i c s have suggested that there
is i n s u f f i c i e n t evidence that t h i s practice is e f f e c t i v e . Mention is f r e quently made that removal of some coyotes leads to increased l i t t e r size and
an increased proportion of female coyotes that produce young.
In t h e i r analysis of coyote control and population dynamics Connolly and
Longhurst (1975, page 1) indicated t h a t :
"According to a model developed to simulate coyote population
dynamics, the primary e f f e c t of k i l l i n g coyotes i s to reduce the
density of the population thereby stimulating density-dependent
changes in b i r t h and natural m o r t a l i t y r a t e s . "
This statement agrees, in general, with simulation models by Gum (1975),
by Sheriff et a l . (1976), and with observations by ADC f i e l d personnel under
widely varied conditions, and is generally consistent with the response
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expected in population dynamics of many wild species when population density
and food base are not limiting factors. Knowlton's (1972) analysis of coyote
population dynamics further supports this concept,
Connolly and Longhurst (1975, page 22) stated that:
". . . increased killing of coyotes might actually increase
depredations near den s i t e s , as the number of breeding females
remains nearly constant while the l i t t e r size increases with
the control k i l l . The critical relationships may be the level
of competition for available food resources in relation to
coyote density."
They further state (page 23) that:
"The breeding population can be reduced by a heavy control k i l l ,
but at the cost of increased reproduction and increased maximum
population."
and that (page 27):
"As mentioned earlier, the take of coyotes in many areas by sport
hunting may greatly exceed the number removed through deliberate
control programs. Likewise, in some places bounties are still
being paid as an incentive to kill coyotes. Considering the
strong compensatory reproductive response of coyote populations
to reduction, if control, sport, and bounty hunting collectively
do not reduce numbers annually on a continuing basis by at least
75 percent, no sustained decline in the population can be achieved.
Therefore, to summarize, in most situations, killing coyotes at
rates below 75 percent may merely stimulate reproduction and
aggravate the problem by increasing the seasonal population pressure on the food supply. With such increased competition for
food, it is reasonable to expect coyotes to turn more to alternative food sources such as livestock."
This premise has been cited frequently by opponents of lethal methods
of coyote damage control, who advocate animal husbandry and/or nonlethal
methods as "solutions" (Grandy 1980, Lipscomb 1980, Stevens 1980).
Population dynamics simulation models and field observations agree in
general that reduced coyote populations tend to recover rapidly if controls
are removed, due to increased natality, survival, and immigration from
surrounding areas. Connolly and Longhurst suggest further from their simulation modelling of coyote control and population dynamics that artificial
inhibition of coyote reproduction combined with population reduction would be
more effective. In this regard they stated (page 23) that:
"The breeding population can be reduced by a heavy control kill,
but at the cost of increased reproduction and increased maximum
population. Conversely, the number of pups produced can be
reduced most by birth control in a breeding population kept as
large as possible. Of the strategies tested so far in our model,
the best prospect for reducing both breeding and maximum populations would be integrated control at the highest practicable rate."
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and further (page 27) that:
"From this standpoint chemosterilants may be especially useful
if they can be applied effectively, since they do not tend to
cause increased food competition."
From these observations one might readily conclude that the use of
conventional methods to achieve annual coyote population reductions of less
than 75 percent simply leads to increased populations and higher levels of
predation, that it is counter-productive in reducing livestock losses to
coyotes and, therefore, unless such efforts are assured of reducing populations by 75 percent or more annually they should not be carried out. It is
unfortunate that such conclusions have frequently been made, since Connolly
and Longhurst have pointed out that:
"This coyote model may be called an 'if-then' simulator. That
is, vf a specified set of initial conditions is true, then over
time a certain set of results will follow. If a specified control
level is pursued over time the population will eventually stabilize at a level different than that when no control is practiced.
Various population parameters can then be compared with similar
values from an uncontrolled population to infer the effect of that
level of control on the coyote population." and that: ". . .This
model is an abstract representation of a complex biosystem. Like
any other model it is a simplification of real phenomena and
requires certain assumptions."
Some of those assumptions, as pointed out by the authors, are made for
the purpose of operating the model and are not compatible with real conditions. For example, the authors recognize that carrying capacity, climate,
food supplies and other factors, which are assumed to be stable for modelling
purposes, vary widely and cannot be controlled. They also recognize that an
isolated system containing exactly 100 breeding coyotes in which immigration
and emigration either do not occur, or occur at equivalent rates, probably
does not exist. They have also pointed out that:
"While it is accepted that control can induce increased birth and
natural survival rates in coyote populations, the magnitude of
these effects at various control intensities has not been fully
determined. However, in this model it is necessary to mathematically define these functional relationships. Since it would have
been impossible to identify and separately quantify each environmental factor affecting births and natural losses, the relative
density was used as a proxy variable encompassing all the density
dependent effects." and that: "... only the animals surviving
control are susceptible to natural mortality."
As the authors have indicated, these and various other assumptions and parameters used in the model do not necessarily reflect conditions and systems in
which real coyote populations exist.
Nonetheless, there have been interpretations of this report which contain
significant errors. One error, easily made, is the assumption that Connolly
and Longhurst's statement, i.e.
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"... the primary effect of killing coyotes is tc reduce the
population thereby stimulating density-dependent changes in
birth and natural mortality rates."
is comprehensive and can be extrapolated beyond population dynamics and
accurately applied to coyote predation on livestock and its control. In
fact, in coyote predation and control the primary effect of removal of a pair
of coyotes and their young, or a local coyote population, may be cessation of
livestock or crop losses or alleviation of predation on other prey species,
with density-dependent changes in birth and natural mortality being secondary.
Thus, the statement cannot be applied accurately and precisely beyond the
scope of po-pulation dynamics as described by this population model.
A second error, easily made, is the conclusion that removal of coyotes
will increase killing near den sites based on the results of this model which
indicates that:
". . . the number of breeding females remains nearly constant
while the litter size increases with the control kill."
This concept is based on a number of assumptions which may or may not be
accurate since a number of variable factors affect killing of livestock near
dens. The season when coyote removal takes place, the proximity of dens to
predation sites and prey selection by denning pairs are important. Intensive
control at or near den sites immediately prior to and following whelping may
substantially reduce livestock losses and commonly does. The implied premise
that increased litter size increases the rate of predation may not be accurate. ADC field staff seem generally to agree with Thomas (1973) that the
size of litters appears not to be a major factor in the rate of predation by
parent coyotes. Removal of coyotes and dens of young during summer months
when predation often is most severe also reduces predation. The distance
from coyote dens to a source of domestic prey, the size and class of livestock
preyed upon, their availability as prey and the wild prey base are also factors that affect losses to coyotes. The status of the adult coyotes removed
is also a factor. Removal of the parents is much more likely to reduce livestock losses than removal of adults that are simply associated with a denning
pair. Finally, the percentage of coyotes removed, the number and species of
other carnivores present and competition for food are important elements.
Thus, there is not a simple cause and effect relationship which dictates that
coyote removal for protection of livestock will cause increased losses. The
population reduction level (75 percent) cited by the authors as necessary to
cause a sustained decline in coyote populations and thus to reduce predation
on livestock is, therefore, an assumption which may or may not be accurate
for a specific population, location and season.
A third source of potential error is the presumption that reduction or
prevention of coyote removal for protection of livestock and other crops
will reduce or prevent the stimulus to reproduction described by this model.
Connolly and Longhurst included all forms of coyote removal under "control
mortality", including sport hunting and fur trapping, and in many instances
these are responsible for a much greater portion of coyote mortality than is
protection of livestock (Pearson 1978, USFWS 1979). Nellis and Keith (1976),
Tzilkowski and Know!ton (1978), Pearson (1978) and others have documented
high coyote mortality which may exist in the absence of coyote removal for
protection of livestock. Thus fur prices and markets, sport hunting, and
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other human causes of coyote mortality are important elements. Diseases such
as mange, distemper and rabies also are factors which reduce coyote populations and may at times be much more important as reproduction stimulants than
coyote removal for protection of livestock and other crops. Migration may
also be a significant stimulus to reproduction. Therefore, when these and
other factors are operating removal of coyotes for protection of domestic
animals may be insignificant to the rate of coyote reproduction.
There is a strong implication in this document that it is basically
futile to attempt to reduce coyote populations with currently available
methods (pages 19,22,23,26,27), particularly in large geographic areas, that
other means should be found to reduce coyote predation, and that a better
understanding of coyote population dynamics is required (page 33). However,
removal of populations primarily with the methods currently available (excluding aircraft) was accomplished in much of the Edwards Plateau of Texas during
the first half of this century (Caroline 1973, Shelton and Klindt 1974) and
many counties in the Plateau were literally free of coyotes until about 1970
(Hawthorne 1980). Without question, substantially greater ADC effort than
that currently being applied in the Edwards Plateau would be necessary to
again render it coyote free, and areas of the Plateau which have become developed subdivisions and recreational sites, or are controlled by absentee
landowners, would likely be continued coyote reservoirs. Toxic chemicals
would be a substantial aid in reducing coyote numbers; nonetheless, the
potential does still exist to reduce coyote populations over large agricultural production areas if the will exists and is implemented.
There is no question that more extensive and detailed knowledge of
coyote population dynamics is desirable and there have been gains since the
Connolly and Longhurst analysis in 1975. There is also no question that
other and better methods to reduce coyote predation are highly desirable,
but these are far easier to propose and generate in theory than to develop
and apply in practice. Despite all efforts to develop new methods through
research, there has been little but suggestions for improved application of
methods developed by field staff that has come from predator research in the
past three decades. This is not criticism of research staff; rather it is
recognition that ADC operations staff have also been conscientious and innovative in methods development and that new methods are not only difficult to
conceive, they can only be developed to a practical stage by evaluation and
improvement through field application. Connolly and Longhurst have described
some of the difficulties encountered in development of new methods as follows:
"Since birth suppression offers real advantages over more
traditional means of coyote control, it is unfortunate that
this approach has not yet been perfected to the point of field
application. While initial trials were promising (Balser 1964),
later tests were less successful (Linhart et al. 1968). The main
constraints appeared to be consumption of baits by nontarget
animals, many coyotes are not exposed to baits, and the drug
used, diethyistiIbestrol, is only effective in the female coyote
for a limited period. There may be hope for future developments,
but at present birth control is not a viable alternative to
existing control methods . . . It seems unlikely that birth
control will supplant conventional methods of coyote control,
at least in the near future, and even with an effective birth
suppression program it is likely that some coyotes would still
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have to be killed in chronic depredation areas. Therefore, we
have tested the effects of killing and birth control combined."
Their model indicated that a combination of birth control and population reduction by conventional means would be more effective than either approach
applied separately. However, the use of reproduction inhibitors has not
progressed beyond the laboratory stage. It should be noted also that removal
of coyotes may be necessary not only in chronic depredation areas but wherever
depredation occurs and is serious, including occasional sporadic problems.
The conclusions drawn from this population model suggest the assumption
that a removal rate of 75 percent of a coyote population might be impossible
to achieve ands further, that it would take 50 years to reduce a population
to zero (page 19). While these assumptions may be accurate in general, and
they do reflect rather accurately the resilience of coyote populations, they
should not be construed to represent all applications of control to real
coyote populations. The authors do not exclude the possibility of more than
75 percent of local coyote populations being removed annually, or that total
removal of such a population can be accomplished in much less than a half
century and both of these conditions have been met at times in some areas of
the western United States (Caroline 1973, Shelton and Klindt 1974). In many
cases, however, chemical toxicants and aircraft were used to aid in population
reduction.
It should be noted as Connolly and Longhurst have pointed out that:
"... reliable estimates of coyote numbers are notoriously
difficult to obtain. . ."
However, there are highly competent ADC staff, private ADC trappers and
ranchers who have become intimately familiar with certain areas they work
over long periods of time and thus can provide relatively accurate estimates
of coyote populations. Relatively open terrain with isolated areas of preferred habitat and low coyote populations are much more likely to permit
reliable estimates of coyote numbers. High coyote populations, rough and
dry terrain, and dense vegetation obviously reduce the probability of reliable estimates. Improvements and modifications of the westwide coyote
population index, which is developed annually by USFWS research and operations staff, may eventually provide methods to quantify index data and thus
permit reliable estimates of coyote populations. At present, however, there
are not likely to be more accurate population estimates available for specific areas than those from competent and knowledgeable ADC field personnel,
private ADC trappers and ranchers who live in and work these areas intensively over long periods. Likewise, it is doubtful that anyone can more
accurately evaluate and describe predation levels and the effects of coyote
population control than experienced and competent individuals who have a
direct personal interest in and responsibility for predation control in
these same areas. However, caution is essential in extrapolation of data
from areas where extensive knowledge permits accurate estimates to areas
where knowledge is sparse or missing. In addition, accurate estimates must
be based on knowledge and fact; opinions without such a basis, however
strongly held, cannot be considered reliable.
Since migration and other facets of coyote behavior are not considered,
Connolly (1978a) in a review of simulation models described some of the
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limitations he perceived in such models and pointed out some deficiencies
as follows:
". . . in each of the models reviewed here the missing information has been fabricated through the use of simplified
assumptions which may be only generally correct. Thus, the
models, express the general relationship in numbers which
cannot be taken literally. The resulting output will appear
in specific terms, but can be interpreted only generally. . .
In addition to the problem of general principles stated in
unduly specific form, the use of assumptions introduces an
element of circular logic to the model: the assumptions may
be retrieved as conclusions . . . One omission of the coyote
modeling work to date is the lack of study of the relative
effectiveness of control at different seasons of the year
. . . An outstanding discrepancy of existing simulation models,
in my judgement, is that they fail to consider dispersal.
. . . Existing simulation models do not consider selective,
localized control nor do they evaluate the impact of control
on livestock losses due to coyote depredations. Therefore, the
models are of limited value in assessing the effectiveness of
current control programs."
Opinions on predation and the effects of coyote population reduction on
predation are commonly based on limited amounts of accurate information and
often weigh emotion more heavily than fact. They are developed, in most
instances, for conditions in which a series of variable factors exist including coyote and other carnivore populations, various classes of livestock and
wild herbivores (deer, pronghorn, rabbits, rodents, etc.) which provide some
part of the coyote prey base, and other sources of food for coyotes such as
domestic (watermelon, cantaloupe, berries, etc.) and native crops of fruits
and berries. Coyotes are opportunists and readily shift from a scarce food
item to others which are more readily available. In addition, individual
coyotes appear to have differing preferences for food and these may also vary
by area, season and year. It is not surprising, therefore, that coyote
predation on livestock, domestic crops and wild prey also varies with areas,
seasons and years. For these and other reasons coyote predation also varies
from ranch to ranch, pasture to pasture, and by species of prey. However,
there are four conditions that describe the limits within which coyote
predation occurs:
1. Anything that is palatable, available and of a suitable size is
"natural" food to coyotes.
2.

If only wild prey and crops were available these would comprise
the entire coyote diet.

3. If only domestic prey and crops were available these would
comprise the entire coyote diet.
4.

In the absence of coyotes there cannot be coyote predation.

Within these limits, there is an immense variety of situations in which
coyote population control to protect livestock and crops is desired and may
or may not be carried out. Limitations imposed by available funds, personnel,
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laws, regulations, policies, opposition by various interest groups and other
factors have generally prohibited coyote population reduction over substantial
areas for many years, but particularly during the past decade. Cancellation
of chemical predacides in 1972 by President Nixon and the Environmental
Protection Agency (EPA) has been followed by progressive restriction of mechanical methods used by the USFWS-ADC staff. Much of this has been accomplished
by more restrictive policies, but reallocation of funds and positions has also
been a major factor (Rost 1980). The professional ADC program is now carried
out over a relatively small portion of the western United States, (11.4 percent, USFWS 1979) where coyote predation has historically been a concern to
agriculture. Thus, i t is clear that reduction of coyote populations in major
areas of the west is not probable at present. However, as Connolly (1978a)
pointed out:
"This is not to imply that predator control as currently practiced
is ineffective in reducing livestock losses due to predators. In
my opinion, the present government program is reducing livestock
depredations (sic) significantly even though i t does not materially affect coyote numbers in most areas of the west."
It is of interest to note that while coyote predation has, historically,
been a concern primarily in western s t a t e s , populations have become established
in the eastern U.S. and reports of coyote predation are increasing in the east
(Ross 1975, Sanders 1977, O'Brien 1980, Skoloda 1980, Swayze 1980). It would
appear, therefore, that coyotes may become a significant factor in livestock
production throughout the U.S.
Alternatives to Population Reduction
It is difficult to argue that benefits to livestock producers exist from
maintaining coyotes that habitually kill their livestock. Thus, i t is generally accepted, even by those who oppose control programs, that selective
removal of coyotes which prey on livestock is necessary. However, frequently
there is strong opposition to coyote population reduction for protection of
livestock. Arguments are regularly presented that coyotes prefer to prey on
"natural" foods, meaning wild animals, and only take domestic animals as a
last resort and that they kill only what they need for food. From this argument one might infer that coyotes are generally beneficial, that they control
wild rodent and rabbit numbers, and that they would be protected for the
benefit of livestock producers. At present, there are no data or other information to support these premises, and excessive and wasteful killing by
coyotes is well-documented as a common phenomenon.
Another argument frequently presented is that only the offending coyotes
should be removed in order to establish populations of coyotes which do not
prey on livestock and which protect their territories from encroachment by
other coyotes that are potential killers of livestock. There are several
problems attached to this approach, however. Few coyotes are seen in the
act of killing since they are wary and shy. Also coyotes may travel long
distances to k i l l , they may go into or through other coyote t e r r i t o r i e s ,
and there may be several different groups involved. Coyotes do not necessarily travel directly between specific sites where they live and where they
k i l l ; thus i t is usually not possible to track them directly from kill sites
to where they live. Even under ideal tracking conditions coyotes often
leave l i t t l e sign of their passage and their tracks are virtually impossible
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to find on hard dry soil and in dense vegetation. Thus, identification of
killer coyotes often may be accomplished only by the presence of livestock
remains in their gastrointestinal tracts, or indirectly by reduction of
livestock losses. The premise that a population of coyotes which would not
kill livestock could be established is open to serious question. Testing of
coyotes reared without exposure to livestock or other prey has repeatedly
indicated that even naive coyotes are capable, willing and eager to kill
animals such as sheep, goats and other prey even without the need for food.
Since migration and dispersal are recurring phenomena in coyote populations,
in addition to their innate killing behavior, the probability of establishing
stable coyote populations that will not kill livestock is probably extremely
low at best, if indeed it exists at all.
Arguments opposing coyote population reduction also frequently emphasize
the use of livestock husbandry, range management, repellents of various kinds,
guard dogs and various other nonlethal methods to prevent coyote predation.
It should, therefore, be recognized that in many instances such methods are
ineffective for various reasons. Adaptability of coyotes to changing conditions, large range operations, dense cover, and rough terrain are some of
these factors. These same reasons prohibit effective use of fences to exclude
coyotes in much of the livestock range. Reproductive inhibitors, often proposed to limit coyote numbers, have not been developed beyond the laboratory
stage and even if proven effective will require massive infusions of time
and funds to develop data for their registration by the Environmental Protection Agency and other agencies. Thus, there are severe limitations to nonlethal coyote predation control however desirable it may be.
Population Reduction to Benefit Agriculture
Knowlton (1972) has described different circumstances in which coyote
depredation occurs and control may be necessary, and that situations encountered are seldom so clear and distinct. These include:
1. An occasional need for general population suppression to prevent
epizootics or harassment of livestock by a large number of coyotes.
2. Local problems generally of short duration, such as depredation
on calves or ripening watermelons.
3. High risk areas such as lambing and kidding ranges and sheep and
goat pastures.
A

.

A need to restrict coyote infiltration from adjacent areas.

Coyote depredation on livestock varies by season and is typically more severe
during spring and summer, from birth of the young until dispersal begins in
the fall. In many areas this coincides with birth of young domestic animals
which are more vulnerable to predators than are the adults. However, in
areas where livestock reproduction occurs at other seasons, depredation may
be more severe during fall and winter months (Nesse et al. 1976, Hawthorne
1980). Coyote feeding on watermelon, cantaloupe, and other fruits coincides
with ripening of these crops.' As indicated by Knowlton (1972) selection and
application of appropriate control methods requires understanding of basic
coyote ecology, biology and behavior. Control may be applied either to
prevent losses (preventive control), to stop losses that are occurring
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(corrective control), or both. The intent may be to selectively remove
individuals or local populations to prevent losses. The current federalcooperative ADC policy is selective removal of coyote causing losses, or in
areas of historic and chronic livestock losses.
Repeated observations over many years by ADC personnel and livestock
producers have established a high probability where livestock are killed by
coyotes that coyotes found in the vicinity are responsible or involved.
Connolly (1978b) reported data from aerial hunting of coyotes at such sites
in Montana which lends further weight to these observations. Similarly,
King (1973) and the USDI-Division of Wildlife Services (1974) reported that
intensive control by federal ADC personnel using mechanical methods substantially reduced livestock losses where it was carried out in the western
states during 1972 and 1973. Brawley (1977) also indicated reduced losses to
coyotes following the application of mechanical control methods. Dorrance
and Roy (1976) concluded that the intensity of coyote control was a significant factor in reducing livestock losses in Alberta. Nass (1980) reviewed
a series of livestock loss studies and concluded that:
"Livestock depredation control is not always successful and
significant losses can occur even when control measures are
utilized. However, existing evidence indicates that livestock
losses would be much greater if control were discontinued. The
data and examples included here support the contention that
livestock losses can be reduced by depredation control."
Robinson (1948) described major reductions in losses of sheep and lambs following initial use of toxic bait stations in Wyoming and Colorado. Lynch
and Nass (1979) reviewed data on the use of 1080 baits and found a significant correlation between their use and reduced losses of sheep on National
Forests in the U.S. Dorrance and Roy (1976) also concluded that 1080 baits
were a factor in reduced livestock losses in Alberta and in the U.S. While
it is self evident that the absence of coyotes prohibits coyote predation,
Ross (1975), Sanders (1977), Hall and Newsom (1978), O'Brien (1980), Swayze
(1980) and others have described coyote depredation on sheep and cattle
which has developed in areas not previously occupied by coyotes in Louisiana,
Georgia, North Carolina and Vermont.
As described by Nass (1980) predator damage control is not always successful in preventing losses and significant losses can occur even though
control is applied. However, the results of some specific cases of intensive
coyote control in efforts to reduce or eliminate populations do point out
that control can be effective in reducing or preventing livestock losses.
Therefore, ineffective control may be due to inadequate methods, their
ineffective use, or limited application. In addition to inadequate methods,
restrictions imposed by limited funds and personnel, laws, regulations and
policies are among the root causes of ineffective control.
Intensive control applied on the Edwards Plateau of Texas was effective
in removing canid populations and preventing any significant number of coyotes on the Plateau for nearly 30 years from approximately 1940 to 1970
(Caroline 1973, Hawthorne 1980) and livestock losses to coyotes on the
Plateau were not generally significant. Among the reasons which may be cited
(Caroline 1973) are:
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1.

The wild canid population contained a large proportion of red
wolves or hybrids which may be relatively easy to capture.

2.

Many ranchers participated with professional ADC staff.

3.

Increased use of net wire fencing.

4.

Many ranchers kept hounds to remove coyotes.

5.

Economic incentives to ranchers.

6.

Extensive use of traps.

Other factors included the use of chemical toxicants and snares. In recent
years coyote populations have become established throughout the Plateau and
livestock losses to them, particularly of sheep and goats, are often severe
(Hawthorne 1979, 1980). Perhaps of greater importance, the fear of losses
has prevented ranchers from reentering sheep and goat production for biological brush control and better range management (Kensing 1980). In addition,
coyote predation on cattle appears to be increasing in Texas due to restrictions on control methods and programs (Cargile 1980).
A second example from personal experience and knowledge of this writer,
involves coyote populations and predation in northwestern South Dakota.
Until the mid-1940's coyote predation on sheep in Harding County was persistent and severe even though daily herding and penning at night were common
practices. Gil f i l l an (1929) has described specific conditions in that county.
With the use of aerial hunting, the Humane Coyote Getter®, and Compound 1080
bait stations beginning in the mid-1940's by professional ADC staff, coyote
predation began to decrease. During the period from 1950 to 1973 coyotes
were a relatively minor problem to sheep producers, due largely to intensive
professional control efforts. Most sheep were ranged on pastures without
herders and generally were not penned at night except during lambing and
severe weather. During those years a single ADC professional was able to
control most coyote predation in three counties (Harding, Perkins and Butte)
with occasional assistance from one aircraft which was responsible for aerial
control in the entire western half of the state. The average number of complaints of coyote predation on sheep in that tri-county area ranged from 10
to 15 annually during this period and calf losses to coyotes were virtually
unknown. Since 1973, coyote populations and complaints of predation on sheep
have increased to the stage where the same ADC professional with two aircraft
available to him in a single county now has 60 to 100 complaints of predation
on sheep annually in Harding County alone, calf losses to coyotes are relatively common, and the professional is unable to deal with predation beyond
this single county, while sheep numbers in the county have declined by
approximately one half (Kriege 1981).
A third instance of coyote populations increasing to levels which led to
severe depredation has been documented in Bosque County, Texas. Coyotes were
virtually nonexistent in the county from 1950 to 1965 when they apparently
began to increase. Mr. and Mrs. L. C. Howard, J r . have ranged Angora goats
in Bosque County for brush control and added income since 1965 and had very
limited losses until 1975 when coyote predation began to increase (Howard,
L.C. 1981). Losses of goats on the Howard ranch reached a catastrophic level
in 1979 even with penning goats at night and application of all available
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mechanical methods by the Howards (Wade and Connolly 1980). Coyotes simply
adapted to k i l l i n g during daylight hours and continued not only to k i l l but
to evade control methods. In July 1979 a test project of toxic collars
(rubber collars containing a Compound 1080 solution) around the necks of
s a c r i f i c i a l goats was begun by the Howards in cooperation with the Texas
Agricultural Extension Service and the U.S. Fish and Wildlife Service. The
intent was both to test the use of these c o l l a r s , containing a chemical agent
lethal to coyotes, on Angora goats and to attempt to determine the results via
reduction of losses to coyotes. Since coyotes generally attack the throat of
such prey i t was presumed that they would puncture collars and thus receive
a lethal dose of 1080. In addition other control methods were employed in
attempts to remove coyotes and help reduce the extremely high level of predat i o n . The results of combined application have been documented by Texas
A & M University and USFWS s t a f f since the tests began. In approximate
numbers, goats lost due to predation, primarily coyotes, were 400 in 1979,
100 in 1980 and 8 during the f i r s t 4 months of 1981. Intensive control has
removed a large number of coyotes in the ranch v i c i n i t y , although coyotes are
s t i l l present, and approximately 35 of those were probably removed by puncturing collars while k i l l i n g goats. I t is apparent that no single method would
be effective in controlling losses to an acceptable level on the Howard ranch;
however intensive control has permitted the Howards to continue their goat
operations (Howard, F. 1980; Howard, L.C. 1980, 1981).
While coyote predation is less severe on c a t t l e , coyotes do cause serious
calf losses at times. This may be due to population levels which exceed the
food base available from wild prey or the individual coyotes' preferences for
prey. Gee (1979) reported data from a survey of U.S. cattle producers which
indicates coyote predation on cattle in a l l areas of the U.S. with losses
most severe in the Southwest, including Texas, New Mexico and Arizona. Numerous reports from cattle producers in other states point to coyote predation
as a significant loss on individual operations (Cattle Guard 1973, Hyde 1974,
Sweet 1974, USDI-DWS 1974, Ralphs 1979, Lesperance 1979, Zimmerman 1980) and
increasing losses of calves to coyotes in the east (Sanders 1977). In western
states i t appears possible to reduce or prevent coyote predation on cattle by
short term reduction of coyote populations in the v i c i n i t y of calving areas
(Knowlton 1972, USDI-DWS 1974, Ralphs 1979, Lesperance 1979) during the period
when cows are calving and when calves are most vulnerable to coyotes, for a
few weeks after b i r t h . This appears to be the general practice by ADC personnel in the western states where such reductions can be carried out, and protection of cattle is a significant part of ADC programs (USFWS 1978, 1979).
Hogs and poultry are also highly vulnerable to coyote predation but they
are less commonly produced on pasture. Where they are exposed to coyotes,
protection of them from predation is equally as d i f f i c u l t as protection of
other classes of livestock and losses can be severe. Where coyotes cannot be
excluded, ADC methods used to protect hogs, poultry and other crops are
similar to those used for protection of other livestock.
Population Reduction To Benefit Wild Species
Predator removal and population reduction as a factor in big game management has been reviewed by Connolly (1978c) and others. Connolly's review of
68 studies of predation on ungulate game populations indicates that in 31
cases predation may have been a l i m i t i n g factor or influence and in 27 cases
i t was not. Of those studies, 16 involved coyote predation which appeared
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to be a significant influence on white-tailed deer, black-tailed deer,
pronghorn, and desert bighorn sheep. Approximately the same number of
studies suggested that coyote predation was not a significant factor affecting white-tailed deer, black-tailed deer, mule deer, elk and bighorn sheep.
Connolly concluded that the role of predators as a factor to control
ungulate populations under pristine conditions has limited application at
present where ungulates are hunted by man. He suggests that predation in
addition to hunter harvest may l i m i t some big game populations. Connolly also
indicated that predator control to benefit ungulates is not j u s t i f i a b l e unless
ungulate populations are below carrying capacity and that decreasing game
populations due to habitat decline cannot be reversed by such control. He
further questioned whether predator control is economically feasible without
chemical toxicants and stated that i t s j u s t i f i c a t i o n w i l l be increasingly
d i f f i c u l t for biologists due to economic and social constraints. However, he
also commented that predator control may produce long range benefits for the
predators themselves.
Connolly stated that early in this century the federal government took
the leading role in protection of agriculture from vertebrate animal damage,
while state agencies concerned themselves primarily with management of major
game species. He indicated that this division of responsibilities kept most
w i l d l i f e biologists in the United States from direct involvement with animal
damage problems, although predator control was accepted as a necessary part
of w i l d l i f e management by state w i l d l i f e agencies. Connolly commented that
changes in this concept developed as research in the 1930's and 1940's began
to show that predator control was ineffective and unnecessary in game management. He stated that the adoption of ecosystem concepts in w i l d l i f e management by universities, a new perception of the ecological values of predators,
and the "advent of college-trained w i l d l i f e biologists" contributed to a new
concept of the role of predators. He further commented that excessive deer
populations were present in the U.S. by 1950 and that w i l d l i f e managers preferred higher predation levels to reduce these populations. This led to their
opposition to the federal ADC program ". . .which continued the wholesale
destruction of predators to protect livestock", and was "aimed especially at
indiscriminant poisoning of predators."
Connolly commented on subsequent modifications in the federal ADC program,
including cancellation of the use of toxicants in 1972, and substantial i n creases in predator research. He suggested that the mule deer decline in the
Western U.S. and predation by coyotes, wolves and mountain lions was leading
to reexamination of predator control in big game management. He stated that
"Compared with the amount of time and resources expended to protect livestock,
l i t t l e predator control work has been done expressly for the benefit of big
game or other w i l d l i f e . "
Questions which might be raised from Connolly's review include:
Did the dichotomous system of w i l d l i f e management, or a lack of
interest in ADC as a part of w i l d l i f e management, keep most
w i l d l i f e biologists from direct contact with ADC problems?
Did research in the 1930's and 1940's show predator control as
ineffective and unnecessary in game management? This comment
appears to be in substantial c o n f l i c t with other discussion in
this review.
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The latter question relates directly to the statement that little predator
control work has been done expressly to benefit big game or other wildlife
compared to that done to protect livestock. Research done during that period
was often done with predation control in effect and thus may have measured
game animal and other wildlife populations and productivity as affected by
predator control without considering those effects.
Connolly has pointed out that, "A sufficiently selective review of the
literature can reinforce any desired view on the subject of predation", and
has summarized a series of studies which suggest that predation by coyotes
may or may not be a significant factor in management of big game animals. It
seems apparent that where it is desirable to protect game habitat and such
species are not harvested at levels sufficient to do so that there is no reason to carry out coyote control to protect them. However, if they are fully
utilized and if coyotes are a limiting factor, particularly on private land,
it may be entirely appropriate and desirable to reduce coyote populations.
There appears to be little that can actually be done to increase coyote
populations and, indeed, there appears to be little need to encourage them to
reach maximum levels; they seem to accomplish this rapidly if left unmolested.
Yet there may be instances where populations should be encouraged if this
does not conflict with other species and values. When other predators are
also involved, when protection of humans, crops or livestock is necessary,
and when the habitat occurs on public lands, additional values apply. It
should be recognized however, that wild animals do not recognize political
divisions or property lines, and that habitat overlap where public and private
lands join is the rule rather than the exception.
Each situation in coyote and other wildlife management differs and the
objectives may differ. Land ownership, whether private, state or federal, is
a factor. The type of livestock and crops produced on the management unit
and whether the intent is to manage primarily for livestock, for game animals,
for other wild species, or some combination of these, are important. Whether
private owners and/or government officials separately or jointly determine the
management options and make such decisions are all elements that must be considered. One of the more graphic examples of such complex relationships can
be demonstrated in Texas where the land is privately owned, is fenced with
netwire, and is suitable for production of sheep but less suitable for cattle.
Some such areas contain both pronghorn populations which provide trophy animals highly desired by sport hunters, and coyotes which are a threat to sheep,
goats, calves and pronghorns, but also have valuable furs. In this case the
major management decisions are made by the private landowners with the Texas
Parks and Wildlife Department responsible for managing wildlife populations
and determining appropriate pronghorn harvests. Coyotes may be harvested
for fur or removed to reduce predation on livestock and pronghorns.
Sheep and pronghorns compete for similar forage, particularly during
droughts, and sheep tend to conflict with pronghorns at fawning since young
fawns may follow sheep and become separated from pronghorn does. Netwire
fences are considered necessary for management of sheep, they help prevent
ingress of coyotes and tend to restrict coyote movement thus assisting in
control of coyotes to protect livestock. However, such fences also restrict
pronghorns during summer and movement to winter range and may make them more
vulnerable to coyote predation. Lifting of netwire 16 to 18 inches from the
ground for 100-yard distances at half-mile intervals will permit movement of
antelope through such fences, but also allows passage of sheep and permits
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easy access by coyotes which may prey on both sheep and pronghorns.
Coyote population control benefits both sheep and pronghorns and aids
particularly in survival of pronghorn fawns. However, this may cause increased competition when forage is in short supply. If adequate coyote control to protect sheep cannot be carried out, pronghorns are adversely affected,
and land use tends to revert to grazing of cattle. Netwire fences then tend
to be maintained less rigidly and will often permit pronghorn passage as
fences deteriorate. Also, there is relatively much less competition between
cattle and pronghorns for forage than between sheep and pronghorn. Droughts
have severe effects on both livestock production and pronghorn populations.
Overgrazing by cattle causes fewer adverse effects to pronghorn than overgrazing by sheep. Illegal pronghorn kills appear to be severe in areas where
oilfields and roads necessary for oilwell operations exist, yet royalties from
oil production are important to landowners.
Much of the foregoing discussion, although in brief form, is covered by
Hailey (1979) in his review of pronghorn management in Texas compiled from
studies carried out during the period 1950 to 1978. The problems and opportunities for cattle, sheep and pronghorn management are obviously complex and
become more difficult if an agricultural unit is economically marginal for
the owners and must provide sufficient income to pay operating and living
costs for the owner and his family. Under these conditions, options for
management may be severely restricted when livestock prices are not adequate
to pay production and living costs. At this time (October 1981) sheep and
goats are likely to return a profit to producers but, due to low prices,
cattle are not. However, predation on sheep and goats is severe and may
prohibit adequate economic returns.
Increasing costs of energy, water, transportation, labor and interest
are causing increasingly heavy pressures on marginal economic units thus
encouraging sales to land developers and other interests. This trend is
continuing and if subdivision occurs, the opportunities for game management
are often substantially reduced (Kensing 1980). For livestock production
units that are larger in size and provide adequate income through livestock
or other sources there may be a greater range of options and interests. The
major point is that wildlife management decisions may hinge on economic survival of private landowners and that each situation will likely be different
and permit, or require, different decisions. If public land ownership as a
part of the operation, opposition to livestock grazing, demands by other
interest groups, and management of other wildlife species are added to this
equation, further compromises in choices and decisions involving more managers must be made. Whatever the circumstances, determination of range
carrying capacity in animal units should include all of the herbivores present,
including livestock, game animals, rodents and rabbits, since all of these
subsist on the forage.
Specific circumstances where coyote population reduction appeared effective and thus may be desirable for pronghorn management have been documented
in Wyoming by Know!ton (1968), in Arizona (Arrington and Edwards 1951, Neff
1977), in Utah (Udy 1953), in Oregon (Oregon State Game Commission 1971) and
Texas (Jones 1949, Hailey 1979, Reed 1980). Similar information appears for
other species in specific instances as indicated by Connolly (1978c) and
others. In other situations, where overpopulations of game animals exist,
reduction of coyotes to increase game numbers would be inappropriate. However,
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even under these conditions protection of livestock may require reduction of
coyote numbers and thus, more extensive harvests by hunters may be necessary.
White-tailed deer in Texas' Edwards Plateau may be one such example (Gore
and Harwell 1981). Winkler (1978) has commented on predator and game animal
relationships in Texas as follows:
"To summarize, since early 1972, there has been a gradual, but
steady expansion of coyote range and increase in their populations in the State which constitutes a demonstrable threat to
both livestock and game species . . . Economic, selective, and
practical predation control, especially coyote control, is
largely dependent upon the ready a v a i l a b i l i t y of trained
personnel armed with chemical compounds for animal damage
abatement. There is l i t t l e doubt that predators can exert
significant effects upon the population levels of large game
animals. In areas of intensive game management, such as antelope, mule deer, and bighorn sheep, serious thought should be
given to the effects of predators. However, the words 'intensive
management1 carry with them an implication of f u l l harvest. I f
we do not intend to f u l l y u t i l i z e the crop that is available,
then there is no reason to deny i t to the carnivores."
Waterfowl and other game bird populations may be adversely affected by various
carnivores. There may be circumstances in which predator population control
is beneficial or necessary to protect wild species other than game animals
and birds. Such examples include reduction of coyotes to protect whooping
cranes in Idaho (Andrus 1978, O'Connor 1981) and Attwater's prairie chicken
(Tympanuchus cupido attwateri) in Texas (Jurries 1979). Robinson (1953,
1961), Linhart and Robinson (1972) and Nunley (1977) have described the
apparent inverse relationship between coyote population levels and those of
other carnivores of approximately equal or smaller size. Thus there may be
situations in which coyote population reduction to benefit other carnivore
populations, such as bobcats or black-footed ferrets (Mustela nigripes) may
be desirable.
Reduction of coyote populations may include only removal of individuals
or local groups causing damage and may occur only as the need arises (corrective control), or may be carried out to prevent future losses (preventive
control). I t may also be a seasonal or continuous e f f o r t involving both
components. When reductional control is limited in duration or scope within
a region which has a substantial coyote population, the results are typically
transient even though they may be effective in reducing predation. Know!ton
(1972) suggested that because of these l i m i t a t i o n s , population reduction might
be more effective i f carried out immediately prior to whelping when populations
are at their lowest levels. In general, population suppression becomes more
effective with increased e f f o r t and duration of control, and with increased
size of the area under control. Buffer zones to prevent i n f i l t r a t i o n of
coyotes can also be effective. Texas' Edwards Plateau is one example in
which intensive coyote population control coupled with a peripheral buffer
zone was effective for an extended period of time.
To summarize, the need to reduce coyote populations for protection of
other wild species, livestock and other agricultural crops, and humans varies
with circumstances. In general, intensive reduction is necessary for protection of sheep, goats and calving areas, and less intensive reduction for
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protection of other wild species, cattle, hogs, poultry, crops and humans.
Even so, individual situations may require intensive coyote reduction in the
latter categories as well. Population reduction over large areas with currently available methods, levels of application and funding is not feasible
(Connolly and Longhurst 1975). In addition, current USFWS policies prohibit
this approach (Andrus 1979).
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